A classical, storm time Pc 5 event (T •-160 s) was recorded by the satellite pair ISEE 1, 2 during an inbound, nearly equatorial pass in the dusk sector on August 21-22, 1978. Irregular and quasi-periodic pulsations composed of several harmonics (f•-2-10 x 10 -3 Hz) were recorded from just inside the magnetopause at 11 R s to a distance of •-8 R e, where the pulsations became nearly sinusoidal, and disappeared at •,7 R e just outside the plasmapause. Comparison of signals from the two spacecraft throughout the pass shows remarkable similarity of waveform at the second spacecraft following a few hundred to a thousand kilometers (•, 300 s) behind the first. This duplication of waveforms having wave periods commensurate with the spacecraft separation time suggests that the two satellites were sampling slightly different phases of the same wave cycle. The more distant, irregular pulsations were encountered by the two spacecraft with essentially no consistent delay between them, while the innermost, regular waves were always encountered first by the leading spacecraft. Cycle-by-cycle hodograms show nearly linear or highly elliptical polarization in the meridian plane everywhere on the inbound orbit, dominated by compressional waves. During the last few cycles the ellipses broadened and reversed phase at both satellites, just before the oscillations terminated, while the azimuthal amplitude went to zero at one satellite but not at the other. The Pc 5 pulsations occurred during an interval of strongly southward interplanetary magnetic field and substorm activity and were accompanied by Pc 1 waves at the spacecraft.
INTRODUCTION

Waves classified morphologically as
because eccentric satellites pass so rapidly through their region of occurrence and do so only during limited intervals, when orbital parameters place the trajectories in the proper local time zone. Indeed, only a few examples of these pulsations outside synchronous orbit were displayed by Hedgecock [1976] despite inspection of data from many orbits of HEOS. Fresh opportunities to observe these evening sector pulsations were provided by the satellite pair ISEE 1, 2, launched in October 1977. During the first seasonal sampling of the dusk sector, in August 1978, an outstanding event was detected by several plasma and energetic particle experiments as well as by the magnetometers. Although chance has delivered us one such event so far, and hence no statistical basis for stating that the prevailing storm conditions were anything but coincidence, we adopt the view that we are dealing with a representative storm time example, and we anticipate that a full characterization and improved understanding of storm time Pc 5 pulsations in the dusk sector will eventually emerge from the treasury of data collected for this event. In this initial report on our event, we describe the event and its geomagnetic context as recorded by the magnetometers, using one of the unique advantages of the ISEE system, namely, the simultaneous observations by two spacecraft close together in the same eccentric trajectory. This advantage has already proved its value in studies of pulsations of the morning magnetosphere [Singer et al., 1979 [Singer et al., , 1982 Takahashi et al., 1985] .
A midmorning, compressional, monochromatic event, with a clear phase reversal very similar to the one described here, was recently reported in 1981 data from the same satellites at L --, 5.6-7.3 by Takahashi et al. [1985] . They interpreted their wave train as an azimuthally propagating wave and the phase reversal as the node of a standing wave through which the two spacecraft happened to pass slightly above the geomagnetic equator. As this paper will show, only one of the satellite pair detected the reversal in our case, and the monochromatic wave event seemed to be part of a larger-scale wave phenomenon affecting an entire, although longitudinally narrow, sector of the magnetosphere out to great L distances.
THE EVENT IN CONTEXT
Spatial context. The magnetic wave signature for the inbound magnetospheric pass of August 21-22, 1978, is displayed in Figure 1 . The three components of the ambient field measured by ISEE 1 are plotted in GSM coordinates (X toward the sun, the X-Z plane containing the dipole axis), together with the total field magnitudes B t from both ISEE 1 and ISEE 2. The similarity of waveform, cycle by cycle, at the locations of the two spacecraft is visible throughout the pass. To place the wave in the context of the ISEE magnetospheric profile, we have included an inset of the 64-s average of B t at ISEE 1 in the upper left, where the hatched subsection of the inbound pass corresponds to the interval displayed in the larger figure; the peak in the inset signifies that orbit's perigee low in the magnetosphere. The waves first appeared at 2151 UT (ISEE 1), shortly after the spacecraft crossed the magnetopause, as we shall describe later. The similarity of the wave observations to cases described by Hedgecock [1976] can be appreciated by comparison with his Figures 3 and 4 . The event on which we concentrate in this paper is the se- quence of regular waves that began as early as 2345 UT, certainly no later than 0020, and ended at 0050. In the inset, the cross-hatching denotes this event. The high-frequency noise (heavy trace) superimposed on the Pc 5 pulsation from about 0030 is caused by Pc 1 pulsations which continued deep into the magnetosphere.
The spatial region over which the wave event was observed is shown in several coordinate planes in the various panels of We see that the data were obtained near the magnetic equator, just sunward of the dusk meridian, from slightly inside the magnetopause to slightly outside the radius of geosynchronous orbit. In fact, the Pc 5 event occurred outside the synchronous altitude. This is significant because, with the exception of Hedgecock's [1976] observation, much of the Pc 5 wave activity measured in the magnetosphere has been detected with geosynchronous satellites or Scandinavian Twin Auroral Radar Experiment (STARE) radar.
The separation vector of the two satellites during the Pc 5 event is shown in the panel at the top of Figure 2 . ISEE 2 was leading ISEE 1 inbound and southbound, almost in a common meridian plane, by 386 km. The Z separation, not shown, was about 200 km, with ISEE 1 closer to the equator than ISEE 2. The radial distance of ISEE 2 to the earth is, of course, not drawn to the same scale as the separation distance in these panels.
The actual relationship of the magnetic waves to the local electron density in the present case can be obtained from Spectra calculated for half-hour intervals, filtered with a three-point average, have a resolution of 1.7 mHz. A 2-hour interval and filter length of five points provided a resolution of 0.7 mHz. The actual location of the frequency of peak power can be determined somewhat more accurately than the resolution as every filtered Fourier spectral estimate is plotted. Figure 5 displays three sets of five-point power spectra corresponding to selected segments of ISEE l's field data. Each spectral panel represents the frequency analysis of the time series above it, to which it is referenced by the slanted lines.
The first two segments are spaced throughout the outer magnetosphere; the last covers the heart of the pulsation event To examine the arrangement of wave polarization relative to B throughout the inbound passage of the ISEE spacecraft, we performed a cycle-by-cycle minimum variance analysis. This analysis included several steps. First, the entire orbit was divided into intervals over which the direction of the magnetic field was approximately constant. For each interval a fieldaligned coordinate transformation was defined. Data in each interval were rotated from spacecraft to field-aligned coordinates, which we designate B R, B,i,, BT, for radial, longitudinal (also called azimuthal), and total field components, and then band-pass filtered. The passband, 2-8 mHz, was chosen to include the two predominant peaks at 4 and 6 mHz revealed by spectral analysis. Next, the pulsation waveform was examined visually, and successive cycles of the pulsations were defined by an interactive graphics program. For each interval thus defined, minimum variance analysis was performed to obtain properties of the magnetic perturbation within the passband of the filter. These properties included the total and component power in the perturbations, the apparent wave period, the orientation vectors of the perturbation ellipse, and the sense of rotation.
Results of the foregoing analysis are summarized in Figures 7 to 13, which show the temporal changes in wave properties as the spacecraft ISEE 1 moved inward. The plots begin at 2200 UT as ISEE 1 entered the magnetosphere and continue until 0100 when it entered the plasmasphere. ellipticity in the bottom panel, where ellipticity is defined as the ratio of the minor to major axis of the perturbation ellipsoid. There were three intervals of large-amplitude wave activity roughly centered at 2200, 2310, and 0030 UT (see Figure  1) . In the first interval of intense, long-period waves the ellipticity was small, indicating nearly linear polarization. During the second interval the ellipticity was somewhat higher, -,-0.3. In the third interval, however, the period of the waves was shorter, and the ellipticity varied systematically with amplitude. As the waves were first seen, the ellipticity was high, ,--0.6; then, as the spacecraft moved inward and wave amplitude increased, ellipticity decreased. At the point of maximum power in the parallel component the waves were linearly polarized. Subsequently, as wave power decreased, the ellipticity again increased. However, the sense of rotation was reversed as a consequence of a 180 ø phase change in the azimuthal component. Outside the maximum in parallel power the transverse magnetic perturbation was right elliptically polarized, while inside it was left elliptically polarized. the transverse power maximized when the sense of polarization reversed and each cycle's polarization parameters began to be subtracted from the cumulative totals. However, the envelope also maximized at about 0024 and 0044, as wave amplitude shifted back and forth between B R and B•. We see this effect in the separated components in Figure 8 , and we see that the azimuthal component did not maximize at its phase reversal, thus nullifying the suggestion of an azimuthal resonance. Indeed, the ISEE 2 azimuthal amplitude went to zero just as the phase reversed. Note that the slope of the rotation angle trace gives the instantaneous wave period. Approximating the average slopes by straight line segments yields an initial wave period of 150 s, followed by an interval of wave period about 180 s, and a postreversal period of about 190 s. The average of these periods, weighted by the lengths of the intervals used to evaluate each slope, is 170 s, close to the 167-s peak of the spectrum computed over the whole interval.
It is evident from the angle and rotation traces that at the beginning of the interval the perturbation was right elliptically polarized (positive slope). As time progressed, the polarization became more and more elliptical until at 0034 UT it was exactly linear. Subsequently, the polarization continued to The "pseudoresonance" of the compressional and radial components of our 167-s waves in the plasmapause, accompanied by the phase reversal of the azimuthal component, was inconsistent with the pattern expected for waves propagating into the magnetosphere from Kelvin-Helmholtz activity at the dusk magnetopause. The behavior of the field before, at, and after the spacecraft crossed that boundary offered no evidence that surface waves were present. Also, there was no indication during the satellite's pass through the outer magnetosphere of any inward evanescence of waves leading ultimately to their amplification at the resonance distance, as summarized by Rostoker [1979] . Thus the data do not present a self-consistent pattern supporting the notion of K-H as the source of the resonance in this case.
An ion drift or bounce resonance explanation of the wave train centered on 0030 UT would be compatible with the detection of the wave train where the large density gradient associated with an apparently inflated plasmapause was crossed and with the dominance of a compressional contribution almost everywhere. Also, the phase delay between spacecraft through the resonance could have been the result of westward propagation from ISEE 2 to ISEE 1, but it could as well have indicated outward radial propagation. The sporadic appearance of limited enhancements of electron density throughout the pass would support the inference of particle injections into the sector of the magnetosphere through which the ISEE spacecraft were traveling. But the other well-defined wave trains, around 2200 and after 2300 UT, although spectrally similar to each other, did not display a consistent relationship to the density enhancements. Moreover, there were apparently no phase delays supportive of westward or radial propagation before 2330 UT. Thus particle enhancement was not obviously correlated with wave enhancement along the satellite trajectory, while overall spectral similarities and possible harmonic relationships pointed to a connection of the final wave train with more distant wave activity, rather than to a purely local instability.
The shared characteristics of our wave event ( to be confined. We expect future combination of the magnetometer data with electric field and charged particle measurements will determine the direction of propagation of the various wave components and delineate the most probable wave source or sources.
